Objective: Epidermal growth factor (EGF) is believed to be one of the most potent growth factors for the thyroid gland.
Introduction
The involvement of tissue growth factors in the process of goitre formation is a problem of a great significance in clinical medicine, as numerous theories on the aetiopathogenesis of the thyroid enlargement or cancer assign an essential role to, or are even dependent upon, the action of the growth factors.
The demonstration of epidermal growth factor (EGF) receptors on the membranes of porcine and human thyrocytes was one of the first indications to suggest its participation in the regulation of the thyroid growth and secretion (1) . The presence of immunoreactive EGF has been reported in both human (2) and murine thyroid (3) , raising the question of whether thyroidal EGF is, in reality, produced in the thyroid gland.
It has been reported that thyroxine (T 4 ) decreased plasma EGF concentration, but increased the thyroid EGF concentration in adult male BALB/c mice (4) . Consistent with this, it has also been demonstrated that T 4 increased the levels of EGF mRNA in the thyroids of male BALB/c mice (5) , thus implying a possibility of synthesis of this growth factor in the thyroid. In contrast, it is known that EGF inhibits the synthesis of thyroid hormones and their peripheral metabolism; a marked decrease in circulating concentrations of triiodothyronine (T 3 ) and T 4 in sheep was noted after an infusion of EGF (6) .
There is a prevalent opinion that EGF in vitro stimulates the proliferation of thyroid follicular cells (TFC) (7) . One significant observation was that TSH potentiated EGF binding with its receptors on thyrocytes and also enhanced the mitogenic effect of EGF on the thyroid (8) . Other authors have failed to observe a proliferogenic effect of EGF on thyrocytes of rat strain FRTL in cell culture, possibly because of a lack of EGF receptors in the FRTL-5 cells (9). However, opposing reports also exist: both the presence of EGF receptors (10) and the EGF-induced stimulation of cell proliferation (11) have recently been reported for the FRTL-5 cell line.
Apart from the thyroid cell cultures and suspension cultures of thyroid follicles, EGF has been demonstrated to stimulate TFC growth in organ-cultured rat thyroid lobes (12) and in in vivo conditions, after transplantations of thyroid tissue into nude mice (newborn rat thyroids (13) ; differentiated human thyroid cancer cell lines (14) and human Graves' disease tissue (15) ).
The goal of the present study was to measure plasma EGF concentrations and serum thyroid-stimulating hormone (TSH), T 4 and T 3 concentrations in patients with non-toxic nodular goitre (NNG) before subtotal thyroidectomy (sTx), during the surgery and at three different time points after the surgery (3 days, 3 months, 9 months). Patients with no goitre or with a small non-toxic diffuse goitre served as controls.
Subjects and methods
Fifty female patients with NNG (aged 46.8 Ϯ 10.0 years; mean Ϯ S.E.), treated surgically at the Department of Endocrine Surgery, Medical University of Łódź, and two groups (A and B) of female controls were included in the study. Control group A consisted of 20 healthy women aged 36.3 Ϯ 8.6 years and control group B were 32 women aged 49.5 Ϯ 9.9 years who underwent other (non-thyroid) operations (26 -cholecystectomy for chronic calculous cholecystitis and six -appendectomy because of appendicitis).
All the thyroid operations were performed by a team of surgeons directed by one of us ( J B). No complications were observed after the surgery. In the postoperative period, 7 days after thyroid surgery, when histopathological confirmation of the preoperative cytological diagnosis became available and revealed a benign nature of the thyroid lesions, the patients began receiving L-T 4 (100 mg/daily) and continued that treatment for a period exceeding the duration of the present study.
The size of the thyroid gland was determined, by palpation, according to the WHO/UNICEF/ICCIDD classification of goitre (16) and was confirmed by ultrasound examination of the thyroid gland volume. Among control group A, no goitre was found in 18 (grade 0 or 1A in the above classification) and a small non-toxic diffuse goitre (grade 1B) was observed in two; the respective numbers among control group B were 30 and two.
All the patients subjected to sTx had an NNG of grade 2 or 3 (19 and 31 patients respectively). After the surgery, the removed thyroid mass was measured in all the patients.
Blood samples from the patients with NNG were collected at five time points: on the day before surgery Plasma EGF concentrations were tested by a radioreceptor method, using EGF Radioassay Kits (Biomedical Technologies Inc., Stoughton, MA, USA). In order to avoid coagulation, blood samples were collected into high-quality borosilicate glass tubes, with addition of EDTA as an anticoagulant (7.2 mg/5 ml of whole blood). To prevent proteolysis, Trasylol was added (500 KIU/ml) and the tubes were placed on ice before centrifugation (15 min at 2200 r.p.m.), also under refrigeration. After that, the plasma samples were collected in plastic tubes and kept in a freezer at ¹25 ЊC until required for assay. The lower limit of EGF detection was 0.20 ng/ml. The percentage of recovery after the immediate addition of exogenous EGF to the blood sample was 97%; after deep-freeze storage for 2 weeks and a subsequent defrosting (i.e. during the radioreceptor assay) it was 88%. The intra-assay coefficient of variation was 8.4%.
Serum T 3 , T 4 and TSH concentrations were determined in all the patients with NNG and in both control groups at each of the time points, by fluoroimmunoassay, with the use of reagents manufactured by Wallac Oy, Turku, Finland (DELFIA kits).
It should be noted that patients with any essential metabolic disorders, particularly with diseases affecting plasma protein concentration, were not included in the study. The remaining patients in the NNG group were included consecutively in the experiment, and then operated on. The final criterion for inclusion of the patients into the NNG group was a result from postoperative histopathological examination of excised thyroid tissue that confirmed the diagnosis of nodular goitre.
Statistical analyses
Evaluation of the EGF concentrations was performed using a test for dependent variates, based on T 2 -Hotelling's statistics (17) . This test is appropriate to the assessment of repeated measures of parameters, for example those performed on the same objects at sequential time points. The statistical differences between the data were analysed for successive pairs of time points.
Analysis of the profile of data for EGF concentrations was used for two independent groups (NNG group and control group B), on the basis of T 2 -Hotelling's statistics (17) . This test may be applied to demonstrate interactions between particular groups and respective results. Two time points were considered: No. 1, the day before the surgery, and No. 4, 3 months after the operation. Keeping the same purpose in mind, a twofactorial ANOVA [where factor A ¼ time (before the surgery or 3 months after the surgery) and factor B ¼ group (patients with NNG, control group A, control group B)] was performed.
Correlation coefficients (r) were calculated for the analysis of interdependence between the concentrations of particular hormones and EGF. EUROPEAN 
Results
Numerical data concerning plasma concentrations of EGF and serum concentrations of TSH, T 4 and T 3 are presented in Table 1 . Concentrations of EGF in blood at the five time points of collection are illustrated in Fig. 1 , together with profile data analysis for two groups (the NNG group and control group B) and for two time points (Nos 1 and 4) .
The changes in mean plasma EGF concentration over time were statistically significant (P < 0.005). The timedependence of EGF concentration in the NNG group was revealed as a tendency towards a gradual decrease in the concentration in question, and was apparent as early as 3 days after sTx and became much more pronounced 3 months and 9 months after the surgery. The differences between the successive time points were statistically significant (P < 0.001), except for the time points Nos 2 and 3, for which the difference did not attain statistical significance (P > 0.05) (Fig. 1) . The profile data of EGF concentrations were significantly different between control group B and the NNG group (P < 0.001). When the mean EGF concentration in control group B before surgery was compared with that 3 months after the operation, no significant difference was observed (P > 0.05), whereas a significant decrease of EGF concentration occurred in the NNG group over the same period (P < 0.001; Fig. 1 ).
EGF concentrations in control group A and control group B (at time point No. 1) did not differ significantly statistically, but at the same time point, the EGF concentration was significantly greater in the patients with NNG than in control groups A or B.
At time point No. 4 of blood collection (3 months after the surgery), the plasma EGF concentration was greater in the patients after sTx, compared with that in control group B (after operation for non-thyroid disease).
A similar statistical analysis of changes in TSH concentrations (data not shown) produced the following results: (i) TSH concentrations did not differ significantly in control groups A and B and in the patients with NNG before surgery: (ii) TSH concentrations began to increase on the 3rd day after sTx, the increase being most pronounced 3 months after surgery, after which some plateauing was observed: (iii) the concentration in sTx patients, 3 months after surgery, was significantly greater than that in control group B at the same time point (P < 0.001): (iv) in contrast with the findings in the NNG group, no timedependence of TSH concentrations was noted for control group B.
Correlation coefficients (r) demonstrated a negative correlation between the concentrations of EGF and TSH (Fig. 2) ; no correlations between EGF concentration and T 4 or T 3 concentrations (r ¼ ¹0.58 and r ¼ 0.04 respectively; data not shown); and a strong positive correlation (as expected) between the mass (measured postoperatively) and the volume (examined before surgery) of the gland (r ¼ 0.9601) (data not shown).
The mean plasma EGF concentration in blood collected from the peripheral vein was greater than that in the thyroid vein (P < 0.001).
There was no correlation between the platelet counts and plasma EGF concentrations in the NNG group, the correlation coefficient value being negative and statistically not significant (r ¼ ¹0.551; P ¼ 0.34).
Discussion
The present data show clearly that patients with NNG have greater plasma concentrations of EGF than do controls without goitre or with a small non-toxic diffuse goitre. Moreover, in the NNG group there were correlations between the thyroid volume, as examined before sTx, or between the mass of the removed gland, and the preoperative EGF concentration. No correlations of thyroid volume with plasma EGF concentrations were found in either control group.
Our observations are consistent with the widely held view that EGF is a potent growth factor for the thyroid and suggest that EGF may participate in the mechanism of formation of nodular goitre in humans.
In the present study, control group B patients were treated surgically because of chronic cholecystitis or appendicitis. The plasma EGF concentration in that group did not differ from the concentrations detected in healthy women (control group A), and did not change in a statistically significant manner, after the surgical treatment of the non-thyroid disease. It should be stressed that no evidence has been published to suggest that plasma EGF concentrations are altered in inflammatory diseases. It is also important to note that both the demonstration of a time-dependence of changes in EGF concentration, and the analysis of profile data indicate clearly that, in contrast to findings in control group B, the concentration of EGF in patients with NNG decreased after sTx.
It is well known that, in human subjects, serum EGF is mainly derived from platelets (18) and that the difference between the serum and plasma EGF concentrations results from the release of platelet EGF into serum during the process of clotting. The origin of plasma EGF remains unclear, although the possibility exists of a leakage of the platelet EGF content into plasma. In the present study, blood samples were protected adequately against coagulation and proteolysis, and the platelet counts in all the patients examined patients were within normal ranges. There was no correlation between the platelet counts and plasma EGF concentrations in the NNG group. Despite the relationship between the increased EGF concentration and the presence of NNG, some of our findings could suggest that plasma EGF, which was increased in patients with nodular goitre, may be of non-thyroid origin. This conclusion can be drawn on the basis of our observation that plasma EGF concentration did not decrease instantaneously after the surgery, but reduced gradually, accompanying, at least at the beginning of the postoperative period, the decrease in T 3 and T 4 concentrations. Moreover, in our present study, the concentration of EGF in blood collected from the thyroid vein was less than that in the peripheral blood.
The majority of our observations, however, emphasize the significance of an intact thyroid in the preservation of unchanged EGF concentrations, keeping open the problem of the source of plasma EGF. The relevant observations are the following: the existence of correlations between the thyroid volume or the mass of the gland and the preoperative EGF concentration, as demonstrated in the NNG group; a lack of restoration of EGF concentrations to those found before sTx, in spite of administration of L-T 4 and a full recovery of the patients to the euthyroid state; the presence of increased plasma concentrations of EGF in patients with NNG before sTx, with no evidence for the development of hyperplastic lesions in other epithelial tissues or organs. These observations strongly suggest a local effect of EGF in the thyroid. The recent detection of EGF mRNA in thyroid extracts (5) provides definitive proof of EGF synthesis within the gland; however, direct evidence for hyperplastic or hypertrophic action of the locally produced EGF is still lacking.
In the present investigation, we observed a negative correlation between EGF and TSH concentrations, based on the calculation of results from five time points of blood collection. No correlations were detected between EGF and T 4 concentrations, or between EGF and T 3 concentrations, which may have been the result of postoperative administration of L-T 4 to the patients with NNG.
The reciprocal relationships between EGF and thyroid hormone concentrations are difficult to interpret with clarity. An excess of endogenous T 4 , as in the case of thyrotoxic patients, has been shown to increase serum and plasma EGF concentrations (19) . In contrast, deficiency of L-T 4 may result in a decrease in EGF concentration; it has consistently been reported that hypothyroid subjects had unmeasurable plasma EGF (19) .
In contrast to the stimulatory action of EGF on thyroid growth processes in vivo and in vitro (resulting in dedifferentiation of TFC), EGF has repeatedly been shown to inhibit thyroid function (6, 7, 13) . Thus the negative effect of EGF on thyroid hormone production may represent a feedback control mechanism, balancing the induction of EGF secretion caused by thyroid hormones.
In conclusion, our results suggest that EGF may participate in the mechanism of development of nodular goitre in humans. However, some of our observations speak in favour of the hypothesis that plasma EGF, increased in patients with NNG, may be of non-thyroid origin. Nevertheless, the correlations between the preoperative EGF concentration and the thyroid volume or the mass of the gland, recorded in patients with NNG, the failure of L-T 4 administration to reverse the decrease in EGF concentration in patients after sTx and, finally, the occurrence of growth reactions only in the thyroid glands of patients with NNG and not in other tissues and organs, all serve to contradict the above concept, strongly indicating the essential role of an intact thyroid as the source of EGF.
